Abstract. The contact performance of various mechanical parts has important influence on the static, dynamic and motion response of mechanical equipment. The characterization of rough surface topography is the basis for the study of friction, wear and contact deformation between mechanical bonding surfaces. By analyzing the various models of the characteristic parameters of mechanical interface, we provide a systematic research idea for the model of mechanical joint surface in the future. For further details on rough surface profile, the G-W model is put forward. Then the M-B model perfects its lack of scale independence. The relationship between actual contact area and load is derived from the M-B model based on fractal geometry theory. These formulas are used to study the characteristic parameters of mechanical interface, and the fractal model of contact damping and loss factor is established. Since fractal parameters are not limited by sampling length and resolution of measuring instrument, the new models are more reasonable than before. However, just as the M-B model needs to be improved, the model based on this need to be further studied, and the application of the model also needs to be explored more.
Introduction
The manufacture of mechanical equipment has vital influence on the economic development and comprehensive strength of the country. Therefore, the research on the design of mechanical products has important theoretical significance and application value. The rough surface morphology plays an irreplaceable role on the contact characteristics of mechanical interface. The mechanical interface performance affects the static, dynamic and motion response of mechanical equipment. Taking the basic industry as an example, half of the stiffness of the machine tool is the stiffness of mechanical interface, and the damping of the whole machine is mostly from the combination surface damping. Consequently, it is a key issue to accurate the model of mechanical interface. According to the contact characteristic parameters of mechanical interface, lots of fractal models are presented. To clarify and understand the interconnection of these models, we give a general description of the introduction, content and development of the contact stiffness and contact damping fractal model of mechanical binding surface. Furthermore, this paper can provide a systematic research idea for the model of mechanical joint surface in the future.
Model of Rough Surface Contact

Introduction of Surface Contact Fractal Model
It is crucial to study the friction, wear and contact deformation of mechanical interface. To further study this topic, the researchers propose the traditional contact models. The G-W model is a statistical model proposed by Greenwood and Williamson in 1966 [1] . In this model, the height distribution of rough surface topography is the random variable. Obeying Gaussian distribution, this model follows the law of classical friction. The standard deviation of height distribution and the mean curvature radius of asperities are first used to characterize the surface morphology. This model is widely accepted and used in research. However, these studies are based on traditional quantitative statistical descriptions of surface topography. The traditional measurement results will be affected by the resolution of the measuring instrument. In other words, the description of the G-W model does not have the scale independence, and it cannot reflect the whole information of the rough surface.
Fractal Characteristics
In 1967, Mandelbrot proposes a mathematic mehod to measure the length of the coastline [2] . As the observation scale shrinks, the area of the coastline will repeatedly appear on the peninsula and harbor. Mandelbrot also finds a clear correlation between measurements and results [3] . Later, Richardson gives the (2) According to the research, the contour curves of mechanical surface morphology are presented with statistical self-affinity characteristics [5] . This feature is no longer satisfied equation (1), so we need to research new methods for calculating fractal dimension of surface profile.
Calculation Method of Fractal Dimension
The calculation principle of fractal dimension is to measure the similarity by measuring parameters. Therefore, different measurement parameters are selected and the methods of measuring fractal dimension of surface are different. The commonly used methods include box counting, power spectral density, structural function, root mean square, etc.
Box Counting Method
The theory of box counting is the most simple and easy to understand, but the calculation error is relatively large and is not suitable for the calculation of self-affinity surface profile [6] . Cover surface profile curve with box whose side length is equal to 1, and then divided it into n 2 small box. Count the number ) (n M of small boxes that intersect surface profile. The fractal
Power Spectral Density Method
The W-M function satisfies the mathematical properties of fractal, so ) (x z is used by Majumdar and Tien in 1989 to describe rough surface [7] .
Where D describes the similarity of functions on different scales. G describes the magnitude of the amplitude.V describes the spectrum. V is usually equal to 1.5. Therefore, D is one of the parameters that decide ) (x z . So the power spectrum density method and the structure function method for solving D are derived.
Auto correlation function and power spectral density describe the statistical characteristics of stochastic process from two aspects: time domain and frequency domain [8, 9] . By Wiener-Khinchin theorem, auto correlation function and power spectral density function is a pair of Fourier transform. So the power spectral density of stationary random process is given by
On the rough surface of isotropic, its two-dimensional auto correlation function
The discrete power spectral density can be obtained by taking the Fourier transform of the auto correlation function ) ( R , and the approximate continuous power spectral density has shown to be
The slope of the fitting line
. There are many ways to estimate the power spectrum density. In addition to the auto correlation method used here, there are also classical estimation methods such as periodic graph method, Bartlett method, and Welch method. The periodic graph method is to consider the observation data of the random sequence as a finite energy sequence, directly calculating its discrete Fourier transform and then taking the square of its amplitude and dividing the total number of observed data. This estimation method is more convenient than the calculation of auto correlation method, also known as direct method. The Bartlett method and Welch method are the improvement of the auto correlation method and the periodic graph method, and the result is more accurate. Welch method made two modifications to the Bartlett method. First, Welch selects the appropriate window function to make the spectrum estimation non-negative; secondly, there is overlap between the segments, so that the variance decreases. The power spectral density method is suitable for self-affinity fractal curve [10] .
Structural Function Method
The calculation principle of structural function method is similar to power spectrum density method. It was found that the structure function of a rough surface is given as
The slope of the fitting line structure function curve have good linear characteristics in the high frequency band, and the linear characteristics of the low frequency band are poor. These two methods are widely used in the study of mechanical rough surface. However, compared with the structure function method, the precision of fractal dimension of engineering surface is lower.
Root Mean Square Method
GE Shirong first proposes the root mean square method in 1997 [11] . The root mean square method is to calculate
 and return the slop of the line
. In 2004, ZHU Hua and GE Shirong compares the fractal representation of structural function and root mean square. It is pointed out that the calculation accuracy of these two methods is related to the fractal dimension of the contour theory, while the fractal dimension is smaller and the root mean square method is better. When fractal dimension is large, the structure function method is better. Because of the explicit physical meaning of the root mean square method, they found that for the rough surface of machining, the root mean square method is more adaptive than the structure function method, and the linear interval is wider and the characterization effect is better [12, 13] .
Development of Surface Contact Fractal Model
The parameters of traditional contact model do not have scale independence, so another classical contact model is produced. The M-B model is first proposed by Majumdar and Bhushan in 1991 based on fractal theory. Like the G-W model, the contact between rough surfaces can be reduced to the contact between rough surfaces and smooth surfaces to study the distribution of contact points. In 1982, when he studies the landform, Mandelbrot found that the island is larger than a specific area a and
The area of all islands l A is given as
Majumdar finds that the moderately enlarged mechanical surface is similar to that of an island in the ocean. Therefore, the above relationship is also applicable to the study of mechanical rough surface. So the relations are   (16) According to the M-B model, when the load increases, the point where the plastic deformation occurs is connected to form the elastic point. The material is deformed under the action of external forces. When the external force is removed, the deformation of the material can disappear and the original shape can be completely restored. A physical phenomenon in which the object cannot be restored after the external force is removed or disappeared is a plastic deformation. This model shows that the relation between the load P and the actual contact
Where D is the fractal dimension of surface profile. Experimental results also confirm its correctness.
Fractal Model of Contact Stiffness of Joint Surfaces
Majumdar found that the surface profile of the mechanical surface morphology showed statistical selfaffinity characteristics, and proposed the M-B model based on the fractal theory. The model makes up the defects that the G-W model is lack of the scale independence. In 2000, Xueliang Zhang first proposes the model of contact stiffness based on fractal theory. The dynamic model method of fixed combination surface is proposed by him. He considers the normal and tangential loads, the elastic modulus, the shear modulus, Poisson ratio and density of the materials.He simplifies the model of mechanical joint surfaces and solved the normal contact stiffness n k of a single asperity. It is given as
The contact stiffness of all asperities on the surface is integrated. According to the equations of the contact point size distribution function in M-B model, the normal contact stiffness of the mechanical interface can be written as
The normal contact stiffness of a single asperity is in equation (18) .   a n is in equation (14) . the critical contact area of equation (16), we can obtain the nondimensional normal contact stiffness 
In 2002, Xueliang Zhang proposes a model of tangential stiffness of mechanical joint surface based on fractal theory [14] . The tangential contact stiffness t k of a single asperity is given by The results of digital simulation show that the contact stiffness is positively correlated with the dimensionless method. The contact stiffness is positively correlated with the fractal dimension. The contact stiffness is negatively correlated with the dimensionless fractal roughness parameter. The combined surface dimensionless tangential stiffness is positively correlated with the dimensionless method. The contact stiffness is positively correlated with the fractal dimension. The contact stiffness is negatively correlated with the dimensionless fractal roughness parameter. The contact stiffness is negatively correlated with the tangent load. This is consistent with the empirical results. 
Conclusions
The M-B model based on fractal theory is more advanced than the statistical G-W model. It characterizes the rough surface by fractal parameters D and G containing all information of surface roughness. The results of the study are independent of the resolution of the instrument. The researchers have applied the M-B model to contact stiffness, contact damping and loss factor model, and improve it continuously. However, present models require in-depth research, and the application of the models also need to be explored: (1) The establishment of the model only takes into consideration the various homosexual surfaces and does not involve the contact of anisotropic surfaces.
(2) The contact characteristic parameters of the combination surface include many aspects. This paper only discusses the stiffness, damping and other aspects, which is worthy of further study.
(3) When establishing a model, only one fractal parameter is considered. In addition to fractal dimension, several fractal parameters can be considered.
(4) The fractal model of mechanical interface contact characteristic parameters is based on fractal theory, assuming that the rough peak and the number of contact points follow the functions. Essentially, the research does not take into account of the actual rough surface morphology characteristics of the machined surface. In the analysis of rough surface contact deformation, most scholars simplify the contact between two rough surfaces to the rigid plane and the equivalent rough plane. However, when the two rough surfaces come into contact, the contact between the asperities is much more complicated. Therefore, under the existing assumption, the calculated value of the mechanical interface contact characteristic parameter model has a certain degree of deviation compared with the actual value.
